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| CHARACTERIZATION OF AN ANTIGEN EXPRESSED BY HUMAN NATURAL KILLER CELLS' 

JAMES D f GRIFFIN, 8 THIERRY HERCEND, RICHARD BEVERIDQE and STUART F. SCHLOSSMAN 
Pfvktlon of Tumor Immunology, Slangy Farter Cancer institute and Papatlmant of Modictno, Harvard Mtdlcal School, Boston* MA 02f 15 


A monoclonal entlbody, anti-N9D1, wee produced by 
fusing NS-1 myeloma cells with spleen cells of a mouse 
immunised with human CML cells. This entibody was 
reactive with a subpopulation of peripheral blood LGL, 
including the natural killer celts. Monocytes, granulocytes, 
B cells, T cells (T3+ cells), erythrocytes, and platelets 
were nonreactlve, The N901»poslt|v* cells in the periph- 
eral blood were heterogeneous with respeclto expression^, 
of other cell surface antigens. The majority of N901+ cells 
co-expressed T11, Mo1 v and HNK-1, whereas a smaller., 
^percentsge^expressed TB, Id, T3, T4, Mo2, or B1 antigens 
were very uncommon on N901+ cells, The heterogeneity 
of the N901+ LQL was further Investigated by examining 
the expression of N901 antigen on p series of cloned 
normal human NK cell lines, N901 antigen was expressed 
by each of the NK eell lines tested* and by a minority of 
cloned T cell lines without NK activity, AnU-N901 does not 
block NK activity end can be used to rapidly purify func- 
tional NK cells for further study. 

Natural killer (NK) 9 cells are defined by their ability to ly&e 
certain tumor cells in vitro in the absence of antibody or previous 
immunization (1, 2). Although their role in the Immune system is 
not yet olear, it has been postulated that in vivo they may mediate 
natural resistance against tumors, certain viral diseases, and 
bone marrow allografts (3). Although NK cells constitute only a 
small fraction (1-5%) of the mononuclear cells of human periph- 
eral blood, the majority appear to be found within a population 
of cells with distinctive morphologic features termed "large gran- 
utar lymphocytes" (LQL) (4, 5). These cells have abundant pale 
cytoplasm with characteristic azurophilic granules and a renlfoim 
nucleus. It has been possible to purify human LQL for functional 
studies (6)» and It has been determined that at least some cells 
share surface antigens with T lymphocytes, Including T11, the 
sheep erythrocyte receptor (7, 8). In addition, the majority of NK 
cells share an antigen with monocytes and granulocytes that Is 
recognized by the anti-Mo1 (OKMD (9, 10) monoclonal antibody. 
It has recently been shown that normal human NK cells can be 
cloned and expanded in vitro while retaining NK funotion (11, 
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12). Studies of the surface antigens expressed by these cell fine 
suggest that NK cells may be very heterogeneous, ftfth-eom 
cell tines expressing surface antigens cfiariicteristic of T cells 
whereas others tack T cell antlgenyor express uncommot 
phenotypes (12). The Identification orsurface antigens that an 
unique to NK ceils or subsets of NK cells would greatly facilitati 
our ability to Identify these cells and manipulate them in vitro, 
. Several new monoclonal antibodies have recently been de 
/Scribed that react with NK cells (13-17). However, most of thesi 
antibodies also react with a substantial number of non-NK celli 
as well. In this report, we describe the production of a monotionE 
antibody, N901 , which fa highly specific for the subpopulation o 
LGL cetla expressing NK activity, and which appears to tx 
distinct from previously described antibodies, 

MAHALS AND METHODS 

Production of monoclonal int/bod/os. A S-wk-ott female BAkB/c mou* 
(Jackson Laboratory, Bar Harbor, ME) was tanunizeci wfth ayopre$erve< 
feukemio ceOs from a tlngfe patient with the blast phase of chronic myetofc 
leukemia (CML) (18). These blasts unlforrnfy expressed two surface antigen! 
characteristic of myeloid oefJS (MY7 and Mol), and laoked antigens etwee- 
teri&tlc of lymphocytes, erythrocytes! or megakaryocytes (19). The imrnurt 
zatlon schedule consisted of an Initial Intraperitoneal injection of 1P T otfk 
emul&ffied ki cornpietB freund'fl adjuvant (ttfco, Detroft, Mi), foltowed h 
three weekly injections of 10 T viable cells h phospnata-batf ered saline. One 
month later, 10* oofts were injected Intravenously, followed by splenectomy 
ai 3 day9. 

Somatic ceH hybridization was earned out by the method of Kohler and 
Mil&tein (201 with previously described meditations (21), &upematant$ from 
P/owing hywW oeK ctones were tested for reactivity by indirect Immunofluo' 
mseence on Ins tamuriztng oe«a S9 described. Pones producing reactive 
antibody were extenstofy screened for reactivity with T ced and B eetf lines, 
The done producing NSOl antibody was found to lack reactivity with audi 
oefl lines, and was nxJonod by amftibg dilution three bmes before passage ai 
pristane-primed PALB/c mioe as matonant ascites. Afl experimenls wot 
performed wtth asdtes fMd diluted 1:250. 

tmmuncfluortettncv assays. Indirect immjnoftiwn?scenoq ' assays were 
perfotmed as previously described (18), using 10* targst cm (or each 
anafysfs. All media contained S.S% human AB senjm to minimize Fc binolng. 
Ruoresoainated rabbh anti-mousa Inimunogfobulin (fg) was obtained from 
Tago (Bumngame, CA}. Fluorescent antibody coated celts wars detected on 
a cytoftuorogrsch (FC200/4800A, Onho Instrument, Weetwood, MA] or a 
Coulter Epics V (CouHer Electronics, HJaleah, FL). aackground fluoresoenee 
was measured by using an fsotype4SentfeaJ inonodonaJ ahbDody praviousry 
shown not to be reactive wfth test oeils. 

Dual mamer analysis was perfomied by detecting the first antigen b? 
standard indirect immunofUiorescenoe, using goat antf-mouae ig couptad to 
the nuorescent red dye RD2 (Coulter Electronics) as a second step antibody. 
The cells were then washed two times in medium containing e% normal 
mouse serum to bbek any unbound enitaou&e (g^fnding sites, end then 
ticuOated with second anUbocV oVactfy fluorasceinatad for 30 mln at 4*0. A 
minimum s)f 200 red fluorescent cods were counted In a Zeiss' fluorescence 
mfcruscope, and the percent of these cofe expressing detectable fluorescein 
(green) fluoresoenoe was recorded. 

Isolation of human cetf/ractfo/w, Human granulQcytas were prepared trm 
the peripheral blood of healthy volunteer donors by FlooMtypaque density 
gradient centrttugatton. The pellet was diluted 1;1 wfth Hanks' balanced aah 
Bdutoi containing 0-4% Wgh m.w. dextran (Dextran T500, Pharmacia Fine 
Chemtaals, Pisoataway, KJ), and contaminating erythrocytes were removed 
by unit gravity segmentation (22), After washing, the granulocyte pefet was 
treated with 0,1 7 M KH*a to remove any remaining erythrocytes by hypotonic 
tysis, Qranujocyta preparations were >9B% pure by mcxpho^k; crtterta. 

Peripheral bbod mononuclear cena were Isolated fort the Interlace of 
FMWypeque asperated periprwa^ 
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^ ^J5L****y CM"* &hes (Falcon Labware, Oxnard, c*) ki ftp 
pra5 ^^I^ p ^ humfln AB 60 **> « 37 f O, Adherent oefla 

were routinely 60 to W)% monocytes as defined by Wrighi-Glemsa stainta 

5? pofi ^ 8 l? n i2? ,0f ■Vwephytaestaie esterase (nonspecific esterase). 
Thymus-derived (T) lymphocytes were isolated by netting with sheep 
erythrocytes trebled with a^mlrKwthySsbthtouwlum hydrobwrtde (Sigma 
Oienjcaia, St, Louis, MO) (23). Purity of these preparation* was aJ 90 deter- 
r^fti?™*^ antibodies speoffio for monocytes (anti.Mo2> and T cats 
(a/iti-TO) (9.24). Platelets were prepared from heparinfced Wood by low speed 
cemrtfygatioo to remove cells, end purity was assessed by microscopic 
examination, in an oases, reactivity Is expressed as the percentage ofacefl 
population more fluorescent than control cells in an indirect tmmunofluores- 
cenoe assay. The control antibody was a murine monoclonal IgG or igM 
previously shown to be nonroactive with teat oeQs, Ascites diluted 1:100 to 
1:300 was used si all oases, 

Human bone marrow was obtained from healthy volunteers by aspiration 
wo preservative-free, heparfrvcomaining syringes, Erythrocytes and mature 
neutrophils were removed by FtooU-Hypsque sedimentation. 

Hum^thynwyto were obtained from thymuses removed for surgical 
reasons h children undergoing cardiac surgery, Human sptenocytes were 
obtoned from spleens surgically removed because of trauma. Peripheral 
blood celts foaming with sheep erythrocytes (E+) were ''activated" by 
exposure to lectin (phytohemagglutinm 2 ug/ml), with aliquot* removed tor 
phenotypic analysis on day 0, day 3, and day 7. 

Ceflsfiparar/ort, fluorescent celts were separated from nonltuorescent ceils 
by ffuoresoence-activated cell sorting with a Coulter Epics V (15), Background 
fluorescence was determined with a nonreactive, isotype-MenUcal rnonocfonaJ 
antibody, and ceils fluorescent above background were sorted Into 50% fetal 
bovine serum (FBS) at a rate of 3000 cells/sec. Sorted cells were ton 
washed twice and suspended In RPM1 1640 medium containing 5% FBS for 
functional assays or preparation of cytoeentrifuge smears, 
■ SK NK ceil activity was determined In a 44v assay wtth the use 

of "CNabeted K582 and effector to target ratios of G0:1 to 6:1 (11). 

Monoclonal wtibodte. AntM2 (anti-la), -TO, ►TS, -T10, -T11, -Md, -Mofl, 
and -61 have been previously described (fl, 24-58). T3lsa pan-T ceil antigen, 
T11 is the E rosette receptor, T8 is an antigen of cytotoxic/suppressor T 
' cens, and Tio an antigen of early thymocytes, certain activated lymphocytes, 
and hematopoietia precursor cells. Mot and Mo2 are expressed by mono- 
cytes, and M01 f8 additionally expressed oy granulocytes and some non-T, 
npn-B (nuQ peripheral blood, lymphocytes (PBL). Mol and OKM1 identify 
Identical structures, 01 Is expressed by B cells, HNK-1 (Leu7, Becton 
Dickinson, Sunnyvale, CA) reacts with human NK cells (13). Aft antibodies 
were used at a dilution determined to be in antibody excess. 

Ctonw* human NK cell tlnw. LQL were cloned by limiting dilution, stimulated 
by phytohemaggiutinlo. autologous or allogeneic Epstein-Barr virus-trans- 
formed B ceils, and expanded in medium containing ^phocytecondittoned 
medium as previously described (11, 12). Cell lines were tested for NK activity 
as described above, and phenotype analysis was performed by indirect 
Imm^nixxescence. The phenotypic and functional heterogeneity of these 
ceil lines have been previously described (12). Several clones of T11+ ceOa 
that did not have NK activity were similarly prepared and analyzed for 
expression of nsoi antigen, 

CFU-0 essay. The myeloid conforming ceq (CFUC) was assayed In 
agar by using a feeder layer of peripheral blood leukocytes as a source of 
CoJony^tlmuJatfng factors as previously described (18). Bone marrow ceils 
were separated Into N901 positive and negative cell fractions Oy en immune 
ro&ette technique previously described In detail (27) before CFlW assay. 
Colonies were counted In an inverted microscope on day 7 end day 1 4. 

Human kvk&mto cull*. Tumor «Rs ware obtained from the peripheral blood 
or bone marrow of 59 patients wllh acute myeloblast leukemia (AMI), 21 
patients with blast phase chrortJo myatold leukemia (CML-B0), 67 patients 
wfch Mutei lymphoblastic leukemia (ALL) and 27 patients with Tronic lym- 
phocytic leukemia (CLL). Standard morphologic and cytochemfcai Criteria 
were used to establish the diagnosis m each case, In addition, surface marker 
analysis with a panel of monoclonal antibodies recognizing appropriate differ- 
entiation antigens of my****, erythrofd, B rymphoW, end T^ymphoid ceto 
to, confirm the clinical diagnosis (19k AML patients were 
^grouped, using morphology and cytocfiemlca) staining as undifferentiated 
fW*,™** myjkXT»orwevtic leukemia (AMMLJ, acute monocytic leukemia 
(AMoL),and acute prorrwekicytte leukemia (API* The J5 morwelonaj antibody 
was used to separate ALL samples Into common acute lymphoblastic leu. 
kerrtfa antigen (CALlA) positive and negative groups (28), Borne bone marrow 
sarnples were thawed m the presence of deoxyrtbomjctasup I, 10 iig/W 
(Mftpore Corp, Freehold. NJ) to mlrHmfce agglutination of cans, Analysis of 
»uk^ samples on the cytofkiorograph was performed as previously de- 
scribed (IB), A positive reaction was arbitrarily taken as greater than 25% of 
test ceis staining more intensely than with control antibody. AS leukerrie 
samples contained >80% tumor cefls, and generally >00tt, 
- Wl^HJ" 11 'foes. The myeloid cefl fine KG-1 was supplied by Dr. Davtd 
Ootde, LhrvefsityorcalKomla, Los Angeles, School of Medicine. As other eel 
lines were provided by Dr. Herbert Lazarus, Sidney Farber Cancer Institute. 


RESULTS 


SpecHlonyofNXI antibody. The expression of N901 antfgen 
cm peripheral Wood (PBL) and bone marrow (BM) cons is shown 
In TaWe I. Approximately 7% of peripheral Wood mononuclear 
tells (MNC) reacted with anti-N901 with all of these colic hevino 
the light scatter profile of lymphocytes. When leukocyte subpoj 
ulations were purified, significant reactivity was detected in the 
E+ cell fraction (7.8 1 4.8%) and the null cell fraction (pfiL MNC 
depleted of E+ cells and adherent cells, 47.5 ± 18.5%) (Rg, 1), 
Granulocytes and B lymphocyte tractions showed no reactivity 
whereas monocytes showed minimal increased fluorescence 

table 1 

flpratoton ct N90 1 onupon cn normal porfrtotMl pfeod and bon marrow cefo 


C*fr«efiorf 


It Peripheral blood 
Mononuclear ostta 
Grenutocyte* 
Monocytes 
E+r ymphocy tes 
E™ ryfflphocytes 
B lymphocytes 
Erythrocytes 
PlSleleti 

PHA-To*fs,day3 
PHA-Tcete,day7 

II. Bone marrow 
Mondnjdearoais 
CFIM 

ill. Thymocytes 
.Tonsil cess 
Spleen eels 


NO. 


>Pt«tMlC«tt 


so 
a 
a 
s 
e 
2 
4 
2 
3 


11 
1 

a 
4 

$ 


67 ±2.9 
0.0 ±0.4 
4**3.1 
78x4.8 
47,5 ±18,5 
2,8 ±1.0 
0.1 ±0.1 
0.1 ± 0.1 
4,7 ±1.0 
1.7 ±\£ 


42 ±32 
<1 

1.0 ±1.0 
1.0 ±1.0 
1.0±1J> 


•.Mwonudear cells were prepared by FtoofrHypaque sedimentatit*. Et, sheep 
erythrocytefosened cells; Pha-T cevs, E+ cells stimulated wto phytohemaodKh 
tWn; CFUC, myeloW afcjny-fOfmtog unit, 


N901 ANTIGEN EXPRESSION 


i 


A. MoiwoyHi 


B. Qrtnulocytn 


c. T^cetis 


0, Mull Cells 


1 


Fluorescence Intensity — 

J?l£!*?L M 0 ^ 0 *' OranUtecytas, T oeOa or "nuT oats were puriHed as 

Wrad krvnur^fkiomosnce assay. In each panel, the darK fine Meatas cootroi 
antibody fkxireaoanoe and the Igh! Bne mdicatos snt^K90i Suorsscme. 


!• nonadherent 
PBL 

fi. £ matte-, 
nonadherent 
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over background (42 ± 3.1%). When analyzed by fluorescence 

microscopy, purified monocytes were not detectably fluorescent. , 

A email number f N901 fluorescent cells could be seen In the 
E+ cell fraction, although fluorescence was dim compared with 
control antibodies ant|-T3 and antH8, There was no detectable 
N901 on erythrocytes or platelets. PHA activation of T cede did 
not Increase N901 expression, However, culture of PHA-actf- 
rated T cells with conditioned medium containing T txH growth 
factor (11) for an additional 7 days resulted in expression of 
N901 on a fraction (20%) of cells. N901 was expressed by 4Jt 
± 3,2% of BM MNC that were nongranulated by phase micros- 
copy and did not include the myeloid colony-forming cell, CFU- 
C. N901 antibody was determined to be an IgGi by Ouchtertony 
immunodiffusion assay In agar, and was not lytic against the 
immunizing cells by trypan blue exclusion. 
' TtiefoBowingcellllneswerefoundnottoexpressN901 antigen 
by indirect Immunofluorescence: (myeloid, erythroid) HL60, 
HLBO-blast, U937, K562; (B cell) Uz 388, Laz 471, Laz 509, La* 
156, SB; (T cell) CEM, HSB, MoM; (lymphoblastic leukemia, 
lymphoma) Lar 221, Nalm-1, DaudI, ftajl. The KG-1 (myeloblast) 
celt line was positive. 

Ctifracterlzatlon of the N9Q1+ lymphocyte subset N901+ 
cells were separated by cetf sorting from PBL MNC or E- cells 
.depleted of adherent cells (Pig, 2) and cytocentrifuge smears of 
each fraction stained with wrighMSiemsa stain. The percent of 
large granular lymphocytes (LGL), lymphocytes and monocytes 
in each fraction was determined (Table II), As shown/the N901+ 
cell fraction was primarily composed of LGL with very small 
numbers of small lymphocytes and monocytes. In contrast, the 
901- fraction had been substantially, but not completely, de- 
pleted of LGL, These results suggested that the N901 + periph- 
eral blood celts are a subset of LGL, Because of the known 
association of NK activity with human LGL, NK activity was 
assayed in N901+ and N901- cell fractions, Fig. 3 represents 
one of seven similar experiments. NK activity was enriched In 
the N901+ cell fraction, and depleted In the N90l-ce» fraction. 
Virtually identical results were obtained with experiments using 
whole MNC or the E- ceil fraction. Peripheral blood cells could 
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TABLE ft 
JtopWQgycftto N90H &l frwdton 


ifctcparated 

Uafiparated 
N901 + 
MOT- 


17* 
82,4 

43.5 
5S.5 


Morphology 


SfflM 
cyte 


80 

3.6 

45 
6 

e? 


LOL 


12 
S5 
11 
39 
02 | 


cytet 


% 

e 
i 
s 

IS 

1 

21 


1 
2 

0.5 
4 


1 

0 
i 
* 

OS 
2 


fluorescence- 


♦Percenl of tout oefc recovered after sorting, 
mi^S^^^!^^^^ «T»a^ with Wrtght^emsa ifM). 
^Sd^SSS^S V ^° cytc$; ^ ***** fHWtiHtoafti* and 


so 


3 40 

u 

§ 30 
t 
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FACS SEPARATION OF BO ft CELLS FROM £- PBL 


A A. CONTROL 







D. ■ORTEO epl* 


/ 



%ofN901C4i 

Ce*Poiftfv*« 

Pptittoe 

7±8 


72*8 

e7i 

4S±7 

i±i 

27*S 

27±C 

82*4 

74 a 10 

15±4 

S*2 

14*4 

SO* 10 

6*1 

0 


0 

14 ±5 

S8±14 


JfrwreS, PBL incnonucfear cafe im eeoerated Into N901+ and N901- 
SL!?^?" 8 *»»m6oen» activated oof aottho, using. * Cocker Epte V oMl 

S? J!S ^J** 1 * 5* W« **** (i maun of ceR 
^L^ErK? ^ n,| W s * wrt*d eels (pvwli C «ntf O) stored mat 
f**ty °l ew ported eel fractions was >S7%. 


50; 1 Sfit1 12:1 S:1 
Effaclor/Tarovf 

^PWMS. Whote PfiC MNC were paparotad into NG01 * and - ON fractions 
by na porting, and Mk actMty was detormtod by udng K562 tamet Ms at 
various effector to target est ratios, ^ 

TABLE ni 

M901 LGL : 
T3 Toafc 
T4 He^rtCafc 
TS Cytotoric/jtt^jpfaworT 
in erceenvreoapta 
12 HLA-ORM 
Mol M<xKK^oraniilocyt8S,W 
Mo2 Monocym 
B1 Boats 

UU7 LQL (HNK*1) 

p Monoftxfear cgHs of ffm haaltriy donors iw« tested. Mean ± SO. 

also be readily separated Into N901 + and N901 - fractions, using 
immune rosettes (27). NK activity was similarly enriched in the 
N90H cell fraction was depleted from the N901- ce« fraction 
tn multiple experiments starting with whole MNC, E- cells or E+ 
cells, These results suggest that the majority of NK ceDs are 
contained within the N901+ cell fraction desplte their heteroge- 
neity In expression cf other cell surface antigens. There was no 
evidence that ant}-N90l blocked cytotoxicity against K562, 
Daudl, or Mott-4 target cells when added to unseparated periph- 
era! Wood effector eels. 

Ceff surface ptmotypc of rVSOf + ce//s. In order to further 
hvestigate the surface antigens of NK cells, the phenotype of 
N901+ cells In the peripheral blood was determined by two<oior 
himunofluorescence analysis. Blood MNO were first incubated 
with anti-N901 .followed by RD2«oonjugated anti-mouse fcnmu- 
nogtobuOn (red fluorescence), and then Incubated with directly 
fluoresceinated second antibody. Table III shows the results of 
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such an analysis in three subjects. The majority f the N901+ 
cells were T11+. Mo1+, and Leu7+. A subset was T8+, af- 
thougfi the T8 fluorescence on N901+ cells was distinctly de- 
creased, compared to TB fluorescence on N901- cells* la, T3» 
T4 t Mo2 t and B1 were uncommon or negative as previously 
described (11). 

Expression of N9Q1 on cloned human NK cell lines. In order to 
further characterize the expression of N901 antigen on NK ceils, 
a series of cloned NK cell lines and cloned T ceil lines were 
studied (Table IV), N901 antigen was expressed by aR of the 
cells of four cloned lines of cells (JT1, JT3, JT9, JT10) with 
strong NK activity, As previously described, these cell lines are 
composed of LGL, but express heterogeneous surface antigen 
phenotypes (12). JT1, for example, expresses no T cell-associ- 
ated antigens, whereas JT9 has the phenotype of a cytotoxic/ 
suppressor T ceil (T3+. T8+, T4-), In contrast, of six cloned 
T11+ ceil lines lacking NK activity, only one (NONK1) showed 
strong expresson of N901, However, several other non«NK T 
cell lines (NONK3, NONK5) had a firnall percentage of cells 
(<20%) which expressed N901. Thus, although freshly isolated 
resting and PNA-activaied T3+ cells do not appear to express 
N901 antigen (Tables ( and ID), some T cell lines lacking NK 
activity may express at least low levels of the antigen. 

Expression of N901 antigen on hematopoietic malignancies. 
The Immunizing cell type used In the generation of anti-N90l 
was CML blast crisis, It was thus of interest to determine the 
expression of N901 in hematopoietic malignancies. As shown in 

TABLH IV 

EtproMiofl of N90 1 vnlgtn on cloned human NK and T coif ifnos 


ObrwtfCtf Um 


NK Ac- 



T3-, T4-. T0-, Til-, Mote, KINK-I- 

t 



TS-, T4-. Tfl4, T1 f +, Mol+, HNK-1- 
T3*. T4-, T0+, T11+, Moi-, HNK-1+ 

4- 

+ 

JT9 

+ 

+ 

JT10 

T3+,T4-, T8+. T1H 

4- 

+ 

NONKi 

T&+.TS+.T11+ 


+ 

NONK2 

T11+ 



NONK3 

T11+ 


+7- 

NONK4 

T11+ 



NONKS 

T11+ 


+7- 

NOwe 

T1t+ 




■Antigen expression was deiermlnw* by Indirect ImmunonuOffiscenCe: +. trigM 
fluoresce** of $J| o^ffs; +/- f jftn fluorescence or as or some cefls; no floors* 
canoe of ceils. All antigens that were tested on a given done are shown. 

TABLE V 

Expression of N90 1 antigen on faukomlt* 



N0.TM1«d 

No. 
tat** 

Acute myetobtaa&c teufeemia (AMU) 
AMMM1.M2) 
APL(M3) 

AMMLi AMoU (M4, M5) 

96 
9 
SO 

e 

0 
a 

Chronic myelotf leukemia (CML) 
Bitot cHsls(CML-BQ) 

Lymphoid 
Megakvyobtast 

15 
S 
1 

9 

0 , 
0 

Acu^^g^obUflUc leukemia (ALL) 

Non-TlcALLA- 
T-ALL 

b-au. 

44 

IS 
7 

a 

T 

0 
0 

Chronic fymptocytjc feukemb (CLL) 
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p Detemttied by en Mroct fcr?nunoftuore&oance assay and ituoreeeence-eot^ 
vated esq sorter anolyels. gwnplcs were oontidorvd posilive If areatar than &S% 
of oeQs were ftuorescent compared to control monootonal antibody, Aft patients 
who were positive had greater than 75% brjghtty fluorescent cells, except the two 
AU. patents who had 89 to 50% weakly fluorescent eels. 


Table V, the Masts of 15% of 59 AML patients expressed N90t, 
N901+ AML eeOs were brightly fluorescent and, jn positive 
patients, generally all the leukemic ceDa were fluorescent. Of 21 
CML blast crisis patients studied* 3 patients' cells were positive, 
all with myeloid blast crisis, Of 67 ALL cases, 2, showed weak 
fluorescence with antf-N901 . It was not determined If the positive 
cells were definitely leukemic, or were residual normal cells. 
None of 21 cases of CLL were N901+, Thus, the principle 
expression of N901 antigen in Jeukerolas Is in myeloid leukemia, 
Nonhematopoletia malignancies or normal tissues have not been 
investigated. 

OtSOUSSION 

This study describes the Initial characterization of a mono* 
clonal antibody. antMMSOi, expressed by the majority of human 
NK cells, Unlike several previously described antibodies, N901 Is 
not expressed by granulocytes, monocytes, T lymphocytes (T3+ 
cells), or PHA-actlvated lymphocytes, and thus appears to rep* 
resent a distinct antigen (13, 14, 16, 17). Morphologically, the 
N901+ cells are a homogeneous population of LGL, although 
not all cells with this morphology are N901+. This suggests that 
NK>active cells are a subset of LGL, and that a substantial 
fraction of LGL may. bq cells of a separate lineage (T3+ cells, for 
example). When N901+ cells are isolated by FACS, only a very 
small amount of residual NK activity could be detected In the 
N901- fraction, 

It has been previously recognized that the surface antigens of 
NK cells are heterogeneous (8, 10-12). The majority of NK cells 
have been found to express Fc receptors, a low affinity receptor 
for sheep erythrocytes, the Moi antigen, T10 antigen, and Leu7 
(3, 7*9, 11,13). Further, NK cells have been reported to lack la. 
T3, and monocyte antigen Mo2 (11). The surface antigen phen- 
otype of N901 + peripheral blood cells was therefore determined 
in samples of blood from three donors. The majority of N901+ 
cells expressed Moi, T11, and Leu7. A small population (27%) 
expressed T8, whereas T3, T4, la, B1 , and Mo2 were uncommon 
or negative (Table III). Recent studies by Abo and colleagues 
(29) have shown that the Leu7+ population can be divided into 
two subgroups: UU7+T3+M1- (30,6%) and Leu7+T3-Ml+ 
(62.1%), Tlte Leu7+T3~M1-h subgroup has substantially more 
NK activity than the Leu7+T3+ fraction. Further, the Leu7+T3- 
fraction had more cytoplasmic granules than did the Leu7+T3+ 
fraction, Both fractions could be readily distinguished from 
Leu7- cells by morphology and NK activity. The results pre* 
sented here suggest that N901 antigen would be preferentially 
expressed on the Leu7+T3~M1 + cell fraction. 

These results demonstrate that the N901+ cells in the periph- 
eral blood are heterogeneous with respect to expression of other 
cell surface antigens, including T8 and Mo1 . Also of note Is that 
a very small number of peripheral blood cells coexpress T3 and 
N901, In order to investigate this heterogeneity further, the 
expression of N901 by oloned cell lines with and without NK 
activity was investigated fTable IV). All of the NK active clones 
were brightly fluorescent with anti-N901 . Also, one non-NK T cell 
was brightly fluorescent and two others were dimly fluorescent. 
The NK clones were representative of a variety of cell types 
(Table IV) and the expression of N901 antigen by these diverse 
cell types suggests that N901 antigen expression by NK active 
cells is not confined to a single phenotype, The expression of 
N901 antigen by non-NK T cell clones is of Interest. This Is 
consistent with the observation that In freshly Isolated peripheral 
blood, N901 was detected on an occasional T3+ cell (Table III). 
It is possible that the non-NK T cell clones that express N901 
are derived from this ceil. 


HUMAN m CBX ANTIGEN 
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The expression of N901 antigen on hematopoietic matanan- 
efes Js of Merest. Fifteen percent of AML patients expressed 
N901 antigen end were usually brightly fluorescent, in contrast 
to the moderate fluorescence of N901 + LGL Of note, lymphoid 
malignancies were essentially negative, although two of 87 ALL'S 
showed wean staining. 

The pattern of expression of N901 distinguishes this antigen 
from other previously described LGL cell antigens. The lack of 
reactivity with thymocytes, activated T cells, andTceH malignan- 
cies distinguishes N901 from T10. The lack of reactivity with 
granulocytes distinguishes N901 fromB73.l, VEP.13 andMol 
Further, the relative restriction of N901 antigen to LGL cells 
further suggests that this antibody may be useful for the Isolation 
of these cells. In addition to f)uorescence>acUveted cell sorting 
(Tabic ! ii), h has been possible to enrich for N901 + cells (and NK 
cells) by using an Immune rosette technique previously described 
(27). This technique allows for the rapid preparation of lame 
numbers of cells sharing a defined antigen. Using these cell 
separation techniques, It should be possible to further isolate the 
NK cells within the N90H cell fraction, and to Investigate het. 
erogeneity of cell function within the N901 + cell fraction. 
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